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(54) Communication LSI 

(57) A communication LSI comprises a reception 
frame disassembling section 1 for receiving data from a 
network, a reception cell processing section 2 for 
processing a payload portion of the data disassembled 
in the reception frame disassembling section and output- 
ting a result thereof to an ATM layer, a reception over- 
head memory 3 for storing an overhead portion of the 
data disassembled in the reception frame disassembling 
section, a receiving processor 4 for executing processes 
in the overhead portion by inputting desired data stored 
in the reception overhead memory when data is 
received, a status register 5 for storing a result proc- 
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essed in the receiving processor, a transmitting proces- 
sor 6 for executing processes in the overhead portion by 
inputting the result stored in the status register when data 
is transmitted, a transmission overhead memory 7 for 
storing an output of the transmitting processor, a trans- 
mission cell processing section 8 for receiving data from 
an ATM layer, and a transmission frame assembling sec- 
tion 9 for assembling an output of the transmission cell 
processing section and an output of said transmission 
overhead memory in a frame and transmitting the frame 
to a network. 
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Description 

BA CKGROUND OF THE INVENTION 

1 Field of the Invention 

The present invention relates to a communication 
LSI and. more particularly, a communication LSI for exe- 
cuting processes of a transmission frame with a physical 
layer capable of responding flexibly to supplements 
and/a modifications of standard carried out in future. 

2 Description of the Prior Art 

A conception for providing services fa home such 
as video on demand, TV shopping, remote medical serv- 
ice, ticket reservation etc. and services for enterprise 
such as high speed data communication, TV conference 
etc. by connecting homes, enterprises, public facilities, 
business facilities, public agencies and the like to each 
other via high speed communication lines using mainly 
optical fibers is being advanced. In general, this concep- 
tion is called as B-ISDN (Broadband Integrated Services 
Digital Network). Projects for constructing nationwide 
networks in major countries until early 21st century are 
also being advanced. ^7"~ 

Generally, communication protocols are constituted 
hierarchically. In B-ISDN, a layered structure is formed 
by physical layer, ATM layer, ATM adaptation layer, and 
upper layer in order from the bottom. 

The physical layer executes processes of photoelec- 
tric conversion, bit synchronization, and transmission 
frame. The ATM layer executes process regarding ATM 
cell header. The ATM adaptation layer executes conver- 
sion between user data and ATM cell. The upper layer 
executes protocol processes such as connection estab- 
lishment and connection release. 

Now, SDH (Synchronous Digital Hierarchy) is stipu- 
lated as the physical layer of B-ISDN by ITU (Interna- 
tional Telecommunication Union). Two types of 
transmission frames are stipulated in SDH, Le.. STM-1 
having a transmission rate of 155.52 Mbps and STM-4 
having a transmission rate 622.08 Mbps. An explanation 
will be given hereinafter using STM-1 having a transmis- 
sion rate of 155.52 Mbps. 

The transmission frame of STM-1 has a structure 
shown in FIG.1A. The transmission frame is shown to 
have 270 bytes in the lateral direction and 9 rows in the 
vertical direction for easy understanding. Actually, the 
transmission frame is converted into bit stream sequen- 
tially from the first byte located on the left end of the first 
row to the last bye located on the right end of the last 
row. SOH and AU-4 pointer are arranged as an overhead 
in leading 9 columns of the transmission frame. Virtual 
containers called as VC-4 are arranged in remaining por- 
tions. In addition, as shown in FIG.1B, VC-4 has a struc- 
ture formed of 261 bytes in the lateral direction and 9 
rows in the vertical direction. In VC-4, an overhead called 
as POH is arranged in a leading first column. In VC-4, 



2 

portions except for POH are called as "payload" wherein 
ATM cells of 53 bits are mapped. 

Next, FIG.2A shows an arrangement of parameters 
stored in SOH and AU-4 shown in FIG.1 A. Functions of 

5 these parameters are shown in a table of FIG.3A. Simi- 
larly, FIG.2B shows an arrangement of parameters 
stored in POH shown in FIG.1B. Functions of these 
parameters are shown in a table of FIG.3B. 

In a user network interface which is supposed as an 

10 application field of the communication LSI of the present 
invention, part of the overheads are used as shewn in 
the table of FIG.3A. In these tables. "NNI" is an abbrevi- 
ation for Network Node Interface while User Network 
Interface is abbreviated to "UNI". 

is Information handled in the physical layer will be 
shown hereinbelow for convenience sake of following 
explanations. These are stipulated in TA-NWT-000253. 
TR-NWT-001 112 both issued by Bellcore, and Recom- 
mendation I.432 issued ITU-T. 

20 

Fault State 

LOS (Loss of Signal): 

25 If no input signal state is continued within a range 
between 2.3 ji sec or more and 100 ]i sec or less, LOS 
is declared. If normal synchronization patterns (A1 . A2) 
are detected during two continuous frames and the LOS 
condition is not fulfilled between their synchronization 

30 patterns, the LOS declaration is released. The synchro- 
nization pattern is arranged at the head of the frame. In 
the case of STM-1 , the synchronization pattern com- 
prises three A1s (=*F6H) and three A2s (=28H), i.e., total 
48 bits. 



If a synchronization pattern error is generated during 
four continuous frames, OOF is declared. Even if an error 

40 is detected in at least one bit of the 48 bit synchronization 
pattern in the received frame, it is recognized as the syn- 
chronization pattern error. If normal synchronization pat- 
terns (A1, A2) are detected during two continuous 
frames and the LOS condition is not concluded between 

45 their synchronization patterns, the OOF declaration is 
released. 

LOF (Loss of Frame): 

so If the OOF condition is continued during 3 msec, 
LOF is declared. If the OOF release condition is contin- 
ued during 3 msec, the LOF declaration is released. 

LOP (Loss of Pointer): 

55 

If an abnormal pointer is detected N times continu- 
ously (where N is an integer within 8 to 10) or if an NDF 
valid state is detected N times continuously, LOP is 
declared. Here NDF becomes effective only once at the 
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OOF (Out of Frame): 
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time of normal operation. II normal NDF is received only 
once under the LOP state or H a same normal pointer is 
detected three times continuously, the LOP declaration 
is released. 

5 

LOG (Loss of Cell Delineation): 

If a cell header error is detected N times continu- 
ously (where N is an integer of about 7), LOC is declared. 
If a normal cell header is detected N times continuously to 
(i.e.. rf cell synchronization is established), the LOC dec- 
laration is released. 

Alarm Signals 

15 

Section AIS (Alarm Indication Signal): 

In the LOS or LOF state, a section AIS is transmitted. 
If a fault state of reception is overcome, the section AIS 
transmission is halted. 20 

Path AIS (Alarm Indication Signal): 

If a reception becomes the fault state a if the section 
AIS is detected in the received frame, a path AIS is trans- 25 
mrtted. If the reception becomes a normal state and also 
the section AIS is not detected, the path AIS transmis- 
sion is ceased. 

Section FERF (Far End Receive Failure): 30 

tf the reception is in the LOS or LOF state or rf the 
section AIS is detected in the received frame, a section 
FERF is transmitted. If the reception fauft state is over- 
come and also the section AIS is not detected, the sec- 3S 
tion FERF transmission is halted. 

Path FERF (Far End Receive Failure; PFERF): 

H the reception is in any one of the LOS, LOF, LOP 40 
and LOC states or rf the section AIS or the path AIS is 
detected in the received frame, a path FERF is transmit- 
ted. If the above states are overcome, the path FERF 
transmission is hatted. 

45 

Path YEL (Yellow; PYEL): 

H the path FERF state is continued during 2 to 10 
seconds, a path YEL is transmitted. H the path FERF 
state is overcome, the path YEL transmission is ceased, so 

^atifit' r Information 
Section BIP-8 (SB IP-8): 

55 

This is the result of calculating exclusive OR (EXOR) 
over one whole frame every 8 bit. At the time of trans- 
mission, this calculation result is input into B1 byte of the 
succeeding frame. At the time of reception, the calcula- 



tion result is compared with B1 byte of the succeedingly 
received frame, and the number of inconsistent bits is 
counted as the number of error bits. 

Section BIP-24 (SBIP-24): 

This is the result of calculating exclusive OR (EXOR) 
over one whole frame (excluding the first to third rows of 
SOH) every 24 bit. At the time of transmission, this cal- 
culation result is input into B2 byte of the succeeding 
frame. At the time of reception, the number of error bits 
is counted by comparing the calculation result with B2 
byte of the succeedingly received frame. 

Path BIP-8 (PBIP-8): 

This is the result of calculating exclusive OR (EXOR) 
every 8 bit over whole VC-4. At the time of transmission, 
this calculation result is input into B3 byte of the succeed- 
ing VC-4. At the time of reception, the number of error 
bits is counted by comparing the calculation result with 
B3 byte of the succeedingly received VC-4. 

Section FEBE: 

This indicates the number of error bits of the 
received frame. The section BIP-24 is calculated for the 
received frame, then the number of error bits can be 
derived by comparing this result with B2 byte of the suc- 
ceeding frame. This is input into 72 byte of the transmis- 
sion frame as the section FEBE. 

Path FEBE: 

This indicates the number of error bits of the 
received VC-4. The path BIP-8 is calculated for the 
received VC-4, then the number of error bits can be 
derived by comparing this result with B3 byte of the suc- 
ceeding VC-4. This is input into G1 byte of the transmis- 
sion frame as the path FEBE. 

Processes in a overhead portion of the frame will be 
summarized as follows. 

[Transmission Process] 

A1: Fixed at F6H. 
A2: Fixed at 28H. 

C1 : Fixed at either value of 01 H, 02H and 03H. 

B1 : The result of the section BIP-8 of the preceding 
frame is input thereinto 

H1/H2: The pointer value of VC4 is input thereinto. 
Also, both H1 and H2 are set to FFH at the time of trans- 
mission of the path AIS. 

H3: Set to FFH at the time of transmission of the path 

AIS. 

B2: The result of the section BIP-24 of the preceding 
frame is input thereinto. 

K2: Its lower three bits are set to 11 1 at the time of 
transmission of the section AIS. 
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22: The value of the section FEBE is input thereinto. 
J1 : Character data of 64 bytes is input cyclically 
thereinto. 

B3 : The result of the path BIP-8 of the preceding VC- 
4 is input thereinto. 5 
C2: Fixed at 13H. 

G1 : The value of the path FEBE is input into its upper 
four bits. The value of 1 001 is set at the time of transmis- 
sion of the path FERF. The value 1 is set to the fifth upper 
bit at the time of transmission of the path YEL io 

Incidentally, overhead bytes excluding the above are 
fixed to 00H. 

[Receiving Process] 

15 

A1 : Used for frame synchronization. 

A2: Used for frame synchronization. 

C1 : Ignored at the time of reception. 

B1 : Compared with the result of the parity operation 
BIP-8 of the preceding received frame to count up the 20 
number of inconsistent bits. 

H1/H2: The pointer thereof is calculated. In addition, 
the path AIS is detected 

H3: Used at the time of changing the pointer. 

B2: Compared with the result of the parity operation 25 
BIP-24 of the preceding received frame to count up the 
number of inconsistent bits. (This result is input into 21 
byte of the received frame as the section FEBE.) 

K2: The section AIS is detected. 

22: The section FEBE is extracted to be counted up. 30 

J1 : Ignored at the time of reception. 

B3: Compared with the result of the parity operation 
BIP-8 of the preceding received virtual container to count 
up the number of inconsistent bits. (This result is input 
into G1 byte of the received frame as the path FEBE.) 35 

C2: Ignored at the time of reception. 

G1 : Hie path FEBE is extracted from its upper 4 bits 
to be counted up. Similarly, the path FERF is detected 
from its upper 4 bits. In addition, the path YEL is detected 
by checking the fifth bit thereof. *o 

Incidentally, overhead bytes excluding the above are 
ignored at the time of reception. 

Next referring to FIGS.4 to 9, a conventional com- 
munication LSI for physical layer processing will be 
explained. 45 

FIG.4 shows a whole configuration of the conven- 
tional communication LSI for physical layer processing. 
This LSI comprises a reception frame disassembling 
section 100 for receiving data from a network side, a 
reception cell processing section 101 for executing pre- so 
determined processes to data input from the reception 
frame disassembling section 100 then outputting a result 
thereof to an ATM layer, a reception overhead processor 
section 102 for inputting data from the reception frame 
disassembling section 100. a status register 103 for 55 
inputting data from the receiving overhead processing 
section 1 02, a transmission overhead processing section 
104 for inputting data from the status register 103, a 
transmission cell processing section 106 for receiving 



data from an ATM layer, and a transmission frame 
assembling section 105 for transmitting to the network 
data which are supplied from the transmission cell 
processing section 106 and the transmission overhead 
processing section 104. 

Next, an operation of the communication LSI shown 
in FIG.4 will be explained. Data received from the net- 
work are classified into an overhead portion and a pay- 
load portion by the frame disassembling section 100. 
The payload portion is sent to the reception cell process- 
ing section 101 to be formed as an ATM cell of 53 byte, 
then sent to the ATM layer. The overhead portion is sent 
to the reception overhead processing section 102 to 
extract various information there, and the results thereof 
are written into the status register 103. 

On the other hand, transmission data is input into 
the transmission cell processing section 106 from the 
ATM layer in a 53 byte ATM cell fashion, and error-cor- 
recting information is attached to the header information. 
In addition, the transmission overhead processor section 

104 determines the content of the transmission over- 
head byte based on information supplied from the status 
register 1 03. The transmission frame assembling section 

1 05 receives overhead data from the transmission over- 
head processor section 104 and payload data from the 
transmission cell processing section 106, and then 
assembles them into the transmission frame so as to 
send it to the network. 

Processing operations of respective portions of the 
physical layer LSI will be explained in detail individually 
in a reception system and a transmission system here- 
inafter. 

First, the reception system of the physical layer LSI 
will be explained. 

Like a structure shown in FIG.5, the reception frame 
disassembling section 100 comprises a frame synchro- 
nization circuit 1 00-1 for executing synchronization oper- 
ation based on data received from the network, a frame 
counter 100-2 for outputting address of currently input 
data based on an output from the frame synchronization 
circuit 100-1 , a payload display circuit 100-3 for changing 
output for the cell processing section based on an output 
from the frame counter 1 00-2, a register write circuit 1 00- 
4 for changing output tor the reception overhead 
processing section based on an output from the frame 
counter 100-2, and a descrambler 100-5 for outputting 
data received from the network to the reception cell 
processing section and the reception overhead process- 
ing section. 

Next, an operation of the reception frame disassem- 
bling section 100 will be explained. A scrambled state of 
data received from the network is released by the 
descrambler 100-5. Then the data is output to the recep- 
tion cell processing section and the reception overhead 
processing section, and is also output to the frame syn- 
chronization circuit 100-1. The frame synchronization 
circuit 100-1 executes a synchronization operation by 
detecting synchronization words A1, A2 at the head of 
the reception frame. The frame counter 100-2 executes 
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a count operation in synchronization with the reception 
frame under control of the frame synchronization circuit 
1 00-1 . The register write circuit 1 00-4 decodes values of 
the frame counter 100-2, and generates a pulse for writ- 
ing a required bytes (B1 , B2, etc.) of overhead bytes (A1 , 
A2, C1 ,».) into a corresponding register in the reception 
overhead processing section. The payload display circuit 
1 00-3 generates a high level signal if received data is the 
payload data, and informs the reception cell processing 
section that cell data is being received. 

Subsequently, with reference to FIGS.6A to 6C and 
FIGS.7A to 7D, details of the reception overhead 
processing section 102 will be explained. 

The reception overhead processing section 102 
executes processes of the overhead portion after the 
reception frame disassembling section 100 disassem- 
bles received data into the overhead portion and the pay- 
load portion. In other words, the reception overhead 
processing section 102 executes process of the output 
from the descrambler 1 00-5 by means of the pulse output 
from the register write circuit 1 00-4 of the received frame 
1. 

An operation of the reception overhead processing 
section 102 will be explained every overhead byte indi- 
vidually hereinafter. 

B1 : As shown in FIG.6A, B1 byte is input into a reg- 
ister 1 1 0-1 . A SBIP-8 calculation circuit 1 1 0-2 calculates 
the section BIP-8 of the preceding frame in advance. A 
comparator 1 10-3 compares 8 bits output from the reg- 
ister 110-1 with 8 bits output from the SBIP-8 calculation 
circuit 1 10-2 bit by bit. A different or inconsistent bit indi- 
cates a bit error in the preceding frame. A counter 110- 

4 counts the number of bit errors, and then an adder 1 10- 

5 and a register 110-6 accumulate the number of bit 
errors. 

H1/H2: As shown in FIG.6B, H1 and H2 bytes are 
input respectively into registers 111-1 and 111-2. A 
pointer change detecting circuit 111-3 interprets the H1 
and H2 bytes, and then determines whether or not the 
AIM pointer should be changed. 

B2: As shown in FK3.6C, B2 byte is input into regis- 
ters 1 1 2-1 to 1 1 2-3 (Since the B2 bytes are actually con- 
sisted of three bytes, they are discriminated here by 
adding H, M, L to each byte). A SB IP -24 calculation cir- 
cuit 1 1 2-4 calculates the section BIP-24 of the preceding 
frame in advance. A comparator 112-5 compares 24 bits 
output from the registers 112-1 to 112-3 with 24 bits out- 
put from the SBIP-24 calculation circuit 1 10-4 bit by bit 
A different or inconsistent bit indicates a bit error in the 
preceding frame. A counter 1 12-6 counts the number of 
bit errors, and then an adder 112-7 and a register 112-8 
accumulate the number o* bit errors. 

K2: As shown in FIG.7A, K2 byte is input into a reg- 
ister 1 1 3-1 . The section AIS is detected by a SAIS detec- 
tor 113-2 which counts the number of cases wherein its 
lower three bits become equal to 1 1 1 . The section FERF 
is detected by a SFERF detector 1 1 3-3 which counts the 
number of cases wherein its lower three bits become 
equal to 110. 



22 : As shown in FIG.7B, Z2 byte (although there are 
three Z2 bytes in one frame, the third Z2 byte from the 
head is indicated in this case.) is input into a register 1 1 4- 
1 . Its lower 7 bits are stored as the section FEBE by an 

5 adder 1 1 4-2 and a register 114-3. 

B3: As shown in FIG.7C, B3 byte is input into a reg- 
ister 1 15-1. A PBIP-8 calculating circuit 1 15-2 calculates 
the path BIP-8 of the preceding virtual container (VC) in 
advance. A comparator 115-3 compares 8 bits output 

10 from the registers 115-1 with 8 bits output from the PBIP- 
8 calculation circuit 1 15-2 bit by bit. A different or incon- 
sistent bit indicates a bit error in the preceding frame. A 
counter 1 15-4 counts the number of bit errors, and then 
an adder 115-5 and a register 115-6 accumulate the 

is number of bit errors 

Gl : As shown in FIG.7D, G1 byte is input into a reg- 
ister 116-1. The value in upper four bits is accumulated 
as the path FEBE by an adder 1 16-2 and a register 1 16- 
3. The path FERF is detected by a PFERF detector 1 1 6- 

so 5 which counts the number of cases wherein its upper 
four bits become equal to 1 001 . The path YEL is detected 
by a PYEL detector 116-4 which counts the number of 
cases wherein its fifth upper bit becomes equal to 1 . 
As stated above, in the conventional reception over- 

25 head processing section 102. processes are executed 
by customized hardwares provided every process for 
respective overhead bytes. 

Next, the transmission system of the physical layer 
LSI will be explained. 

30 Referring to FIG.8, a structure of the transmission 
frame assembling section 105 will be explained. The 
transmission frame assembling section 1 05 comprises a 
frame counter 1 05-1 for executing an counting operation, 
a register read circuit 105-2 for reading contents of 

35 desired counter based on the count output from the 
frame counter 105-1, a payload request display circuit 
1 05-3 for requesting desired cell data based on the count 
output from the frame counter 105-1, a selector 105-4 
for outputting the output off the register read circuit 1 05- 

40 2 and the output of the transmission cell processing sec- 
tion selectively based on the count output from the frame 
counter 1 05-1 , and a scrambler 105-5 lor scrambling the 
output of the selector 1 05-4 to then transmit it to the net- 
work. 

45 Then, an operation of the transmission frame 
assembling section 1 05 will be explained. Responsive to 
the structure of the transmission frame, the frame coun- 
ter 105-1 executes a cyclic counting operation having 
270 bytes in the horizontal direction and 9 rows in the 

so vertical direction. The register read circuit 105-2 reads 
the overhead register of the transmission overhead 
processing section during when the transmission frame 
is in a period of the overhead portion. The cell data 
request display circuit 105-3 outputs a signal requesting 

55 cell data to the transmission cell processing section dur- 
ing when the transmission frame is in a period of the pay- 
load portion. With reference to the frame counter 105-1 , 
the selector 105-4 selects alternatively the output of the 
register access circuit 1 05-2 in a transmission period of 
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the overhead portion and the output of the transmission 
cell processing section 106 in a transmission period of 
the payload portion. After being scrambled by the scram- 
bler 1 05-5, the output of the selector 1 05-4 is sent to the 
network. 

Next, referring to FK3.9, an operation of the trans- 
mission overhead processor section 104 will be 
explained every overhead byte individually. 

A1/A2: At the time of starting the LSI, F6H is set in 
an A1 register 120 as A1 . In addition, 28H is set in an A2 
register 121 as A2. 

CI: Either 01 H, 02H or 03H is set in a CI register 
122. It depends on external available environments that 
which value is to be selected. 

B1 : A SBIP-8 calculation circuit 123 calculates the 
section BIP-8of the preceding frame in advance, and the 
result thereof is set to a B1 register 124. 

H1/H2: Usually, pointer values are set in an H1 reg- 
ister 125 and an H2 register 126. When the path AIS is 
transmitted, the values are set by an alarm signal gen- 
erating circuit 128. At this time, the pointer value is 
shunted previously to another register. 

H3: 00H is input thereinto. 

B2(H)/B2(M)/B2(L): The SBIP-24 calculation circuit 
1 29 calculates the section BIP-24 of the preceding frame 
in advance. The result thereof is set respectively into a 
B2(H) register 130. a B2(M) register 131. and a B2(L) 
register 132. 

K2: The value generated by the alarm signal gener- 
ating circuit 128 is set into a K2 register 133. 

Z2: The value generated by the alarm signal gener- 
ating circuit 128 is set into a Z2 register 134. 

J1 : The value generated by a character code gener- 
ating circuit 135 is set into a J1 register 136. 

B3: The path BIP-8 of the preceding virtual container 
is calculated by a PBIP-8 calculating circuit 137 in 
advance, and the result thereof is set into a B3 register 
138. 

C2: At the time of starting the LSI, 13H is set into a 
C2 register 139. 

G1 : The value generated by the alarm signal gener- 
ating circuit 128 is set into a G1 register 140. 

As stated above, in the conventional transmission 
overhead processing section 104, respective processes 
of the overhead bytes are executed by customized hard- 
wares, like the reception overhead processing section 
102. 

In the existing circumstances (as of the year 1994), 
B-ISDN is in the stage that the standard therefor is being 
fixed, so that there is a possibility that new overhead 
bytes shall be defined in future. Under the present con- 
dition, some areas in the overhead portion like D1 to D1 2 
may be defined arbitrarily by respective countries. How- 
ever, as described above, in the conventional physical 
layer LSI, customized hardwares each having a certain 
fixed process are used to execute respective processes 
of the reception and transmission overhead bytes. 

Besides, for instance, hardwares such as compara- 
tor, counter or the like shown in FIGS.6A to 6C are pro- 



vided individually and respectively in respective 
processing sections. For this reason, the conventional 
communication LSI has drawbacks described hereinbe- 
low. 

5 

1) It cannot respond flexibly to supplements and/or 
modifications of the standard. 

2) It cannot respond to areas of the overhead por- 
tion, which may be defined arbitrarily in respective 

io countries. 

3) It requires hardwares on a large scale. 

In the conventional physical layer LSI, since custom- 
ized hardwares are provided for every process, the 
15 above drawbacks have been caused. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 

20 above problems regarding the above conventional com- 
munication LSI, and an object of the present invention is 
to provide a communication LSI capable of responding 
flexibly to supplements and/or modifications of physical 
layer standard carried out in future, and reducing a scale 

25 of its hardwares. 

A communication LSI as a preferred embodiment of 
the present invention for executing protocol processes of 
a physical layer in B-ISDN, comprises a memory for stor- 
ing overhead information, and a processor for executing 

30 a program for said protocol processes. 

In addition, said processor is changed from a 
stanctoy state to an active state of predetermined oper- 
ation in response to an input of a signal in synchroniza- 
tion with frames of said physical layer. 

35 For this reason, since a processor for executing 
processes of the overhead portion is provided in the 
communication LSI, a scale of hardwares can be 
reduced in contrast to the conventional communication 
LSI using customized hardwares. 

40 In addition, in a communication LSI as still another 
preferred embodiment of the present invention, said sig- 
nal in synchronization with said frames of said physical 
layer is generated in correspondence to each row of said 
frames of said physical layer, and said program for said 

45 protocol processes is defined correspondingly to each 
row of said frames of said physical layer. 

Therefore, since said signal in synchronization with 
said frames of said physical layer is generated in corre- 
spondence to each row of said frames of said physical 

so layer, no particular synchronization signal is reqiired, so 
that processes can be achieved quickly. Furthermore, 
since said program for said protocol processes is defined 
correspondingly to each row of said frames of said phys- 
ical layer, i.e., since areas which are not defined yet or 

55 which may be defined arbitrarily in respective countries 
can be assured, the communication LSI can respond 
flexibly to future supplements and/or modifications of the 
standard. 
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In addition, in a communication LSI as still another 
preferred embodiment of the present invention, said 
processor comprises a receiving processor for executing 
said program for said protocol processes when a receiv- 
ing operation is executed, and a transmitting processor 5 
for executing said program for protocol processes when 
a transmitting operation is executed. 

Therefore, since there are provided said receiving 
processor tor executing said program for said protocol 
processes when a receiving operation is executed and 10 
said transmitting processor for executing said program 
for protocol processes when a transmitting operation is 
executed, processes can be executed at a higher rate 
than a single processor. 

In addition, even if a synchronization clock on the is 
receiving side and a synchronization clock on the trans- 
mrttig side are different, transmitting and receiving proc- 
esses can be executed without adjusting them to 
coincide with each other. 

Further, in a communication LSI as still another pre- 
ferred embodiment of the present invention, said receiv- 
ing processor section comprises a program counter for 
holding an address in which an instruction to be executed 
succeedingly to an instruction which is being executed 
presently is stored, a program RAM for outputting said 
instruction stored in said address which is held by said 
program counter, an instruction register for holding said 
instruction output from said memory, an instruction 
decoder for decoding said instruction held by said 
instruction register, a selector for selecting data from said 
reception frame disassembling section and said recep- 
tion overhead memory section, a register for holding data 
selected by said selector, and an arithmetic section for 
inputting said data held by said register and processing 
said data. 

Furthermore, a communication LSI as still another 
preferred embodiment of the present invention tor exe- 
cuting protocol processes of a physical layer in B-ISDN, 
comprises a reception frame disassembling section for 
receiving data from a network, a reception cell process- 
ing section for processing a payload portion of said data 
disassembled in said reception frame disassembling 
section, and outputting a result thereof to an ATM layer, 
a reception overhead memory section for storing an 
overhead portion of said data disassembled in said 
reception frame disassembling section, a receiving proc- 
essor section for executing processes in said overhead 
portion by inputting desired data stored in said receiving 
overhead memory section when data is received, a sta- 
tus register section for storing a result processed in said 
receiving processor section, a transmitting processor 
section tor executing processes in said overhead portion 
by inputting said result stored in said status register sec- 
tion when data is transmitted, a transmission overhead 
memory section for storing an output of said transmitting 
processor section, a transmission cell processing sec- 
tion for receiving data from an ATM layer, and a trans- 
mission frame assembling section for assembling an 
output of said transmission cell processing section and 



an output of said transmission overhead memory section 
in a frame, and transmitting said frame to said network. 

Besides, in a communication LSI as still another pre- 
ferred embodiment of the present invention, said receiv- 
ing processor section or said transmitting processor 
section comprises a program counter for holding an 
address in which an instruction to be executed succeed- 
ingly to an instruction which is being executed presently 
is stored, a program RAM or ROM for outputting said 
instruction stored in said address which is held by said 
program counter and capable of storing and changing 
programs for protocol processes, an instruction register 
for holding said instruction output from said memory, an 
instruction decoder for decoding said instruction held by 
said instruction register, a selector for selecting data from 
said reception frame disassembling section and said 
reception overhead memory section, a register tor hold- 
ing data selected by said selector, and an arithmetic sec- 
tion for inputting said data held by said register and 
processing said data. 

Therefore, since said program RAM capable of stor- 
ing and changing programs for protocol processes is pro- 
vided, a function of responding flexibly to future 
supplement and/or modifications of the standard by 
changing contents of the program RAM can be supplied. 

In addition, in a communication LSI as still another 
preferred embodiment of the present invention, said 
reception overhead memory section stores SOH, AU 
pointer, and POH in said overhead portion as their struc- 
tures remain. 

Therefore, in case supplements and/or modifica- 
tions of the standard are carried out in future, not only 
designers eta can easily design a new communication 
LSI to fit in with new standards, but also areas which are 
not defined yet or which may be defined arbitrarily in 
respective countries can be assured since SOH, AU 
pointer, and POH in said overhead portion are stored in 
said reception overhead memory section with their struc- 
tures unchanged. As a result, there is provided a function 
of responding flexibly to future supplement and/or mod- 
ifications of the standard. 

BRIEF DESCR IPTION OF THE DRAWINGS 

Other objects and advantages of the invention will 
be apparent from the following description taken in con- 
nection with the accompanying drawings wherein: 

FIGS. 1 A and 1B are schematic views respectively 
showing a format of a transmission frame of STM-1 ; 
FIGS.2A and 2B are schematic views respectively 
showing an overhead format of the transmission 
frame of STM-1 ; 

FIGS.3A and 3B are tables respectively illustrating 
functions of the overhead portion used in a user net- 
work interface; 

FIG.4 is a block diagram showing a whole configu- 
ration of a conventional communication LSI for exe- 
cuting processes of physical layer; 
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FIG.5 is a block diagram showing a configuration of 
a reception frame disassembling section of the con- 
ventional communication LSI for executing proc- 
esses of physical layer; 

FIGS.6A to 6C are block diagrams respectively 
showing a configuration of a reception overhead 
processing section of the conventional communica- 
tion LSI for executing processes of physical layer; 
FIG.7 A to 7D are block diagrams respectively show : 
ing a configuration of the reception overhead 
processing section of the conventional communica- 
tion LSI for executing processes of physical layer; 
FIG.8 is a block diagram showing a conf iguration of 
a transmission frame assembling section of the con- 
ventional communication LSI for executing proc- 
esses of physical layer; 

FIG.9 is a block diagram showing a configuration of 
a transmission overhead processing section of the 
conventional communication LSI for executing proc- 
esses of physical layer; 

FIG. 10 is a block diagram showing a whole config- 
uration of an embodiment of a communication LSI 
according to the present invention; 
FIG.1 1 is a block diagram showing a configuration 
of a reception frame disassembling section of the 
communication LSI shown in FIG. 10; 
FIG.1 2 is a block diagram showing a configuration 
of a reception cell processing section of the commu- 
nication LSI shown in FIG. 10; 
FIG.1 3 is a table showing data allocation in a recep- 
tion overhead memory in the communication LSI 
shown in FIG. 10; 

FIG.1 4 is a block diagram showing a configuration 
of a receiving processor of the communication LSI 
shown in FIG. 10; 

FIG.1 5 is a block diagram showing a configuration 
of a transmitting processor of the communication 
LSI shown in FIG.10; 

FIG.1 6 is a table showing data allocation in a trans- 
mission overhead memory in the communication 
LSI shown in FIG.10; and 

FIG.1 7 is a block diagram showing a configuration 
of a transmission frame assembling section of the 
communication LSI shown in FIG.10. 

P ESCRIPTIQN O F THE PPEFERPEP EMPQPMENT 

There will now be described an embodiment of a 
communication LSI of the present invention hereinafter 
with reference to the accompanying drawings. 

FIGS. 10 to 17 are views explaining an embodiment 
of a communication LSI of the present invention. 

First FIG.10 shows a whole block configuration of a 
communication LSI according to the present invention. 
This communication LSI comprises a reception frame 
disassembling section 1 for receiving data from a net- 
work, a receptbn cell processing section 2 for process- 
ing a payload portion of the data disassembled in the 
reception frame disassembling section 1 and outputting 



a result thereof to an ATM layer, a reception overhead 
memory 3 lor storing an overhead portion of the data dis- 
assembled in the reception frame disassembling section 
1 , a receiving processor 4 for executing processes in the 

5 overhead portion by inputting desired data stored in the 
reception overhead memory 3 when data is received, a 
status register 5 for storing a result processed in the 
receiving processor 4, a transmitting processor 6 for exe- 
cuting processes in the overhead portion by inputting the 

70 result stored in the status register 5 when data is trans- 
mitted, a transmission overhead memory 7 for storing an 
output of the transmitting processor 6, a transmission cell 
processing section 8 for receiving data from an ATM 
layer, and a transmission frame assembling section 9 for 

is assembling an output of the transmission cell processing 
section 8 and an output of said transmission overhead 
memory 3 in a frame and transmitting the frame to a net- 
work Process programs used for processing the over- 
head portion are stored in advance in memories in the 

20 receiving processor 4 and the transmitting processor 6. 
The process programs can be varied so that the commu- 
nication LSI can respond flexibly to future modifications 
of the standard. Details thereof are described later. 
Next, an outline of an entire operation of the com- 

25 munication LSI shown in FIG.10 will be explained. Data 
received from the network are input into the reception 
frame disassembling section 1 to classify into an over- 
head portion and a payload portion. The payload portion 
is sent to the reception cell processing section 2 to be 

30 subjected to cell synchronization and cell-header error 
correction, then sent to the ATM layer. The overhead por- 
tion is stored in the reception overhead memory 3 once. 

The receiving processor 4 extracts various informa- 
tion from the overhead portion by accessing the over- 

35 head memory 3, and predetermined process of the 
information are gone through. The results thereof are 
written into the status register 5. 

On the other hand, transmission data is input into 
the transmission cell processing section 8 from the ATM 

40 layer in a 53 byte ATM cell fashion. The transmission cell 
processing section 8 attaches error-correcting informa- 
tion to the cell header, and then sends resultant informa- 
tion to the transmission frame assembling section 9. In 
addition, the transmitting processor 6 receives status 

45 information from the status register 5 to process, and 
updates overhead byte in the transmission overhead 
memory 7. 

The transmission frame assembling section 9 
receives overhead byte from the transmission overhead 

so memory 7 and cell data from the transmission cell 
processing section 8. and then assembles them into the 
transmission frame so as to send it to the network. 

As has stated above, by effecting processes to be 
executed in the physical layer by means of the reception 

55 processor 4, the transmission processor 6, and overhead 
memories, an amount of hardwares can be reduced in 
contrast to the conventional communication LSI employ- 
ing respective customized hardwares. 
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Then, detailed operations of respective sections will 
be explained hereinafter. 

[Reception Frame Disassembling Section] 

FIG.1 1 shows a configuration of the reception frame 
disassembling section 1 . The reception frame disassem- 
bling section 1 comprises a frame synchronization circuit 
1-1 for executing synchronization operation based on 
data received from the network, a frame counter 1-2 for 
executing a count-up operation based on an output from 
the frame synchronization circuit 1 -1 , a memory access 
circuit 1 -3 for outputting a control signal to the reception 
overhead memory 3 based on an output from the frame 
counter 102, a payload display circuit 1-4 for changing 
output for the reception cell processing section based on 
the output from the frame counter 1-2, a frame process 
request generating circuit 1-5 for outputting a signal 
requesting process of the overhead portion etc. to the 
recei ving processor 4 based on the output from the frame 
counter 1-2, a descrambler 1-6 for descrambling data 
received from the network to output resultant data to the 
reception cell processing section, a SBIP-8 calculation 
circuit 1-7 for calculating bit errors included in data 
received from the network, a SBIP-24 calculation circuit 
1 -8 and a PBIP-8 calculation circuit 1-9 for calculating bit 
errors included in the output of the descrambler 1-6. a 
pointer increment/decrement detection circuit 1-10 for 
detecting a location of POH in the data output from the 
descrambler 1-6. and a LOS detection circuit 1-11 for 
detecting LOS of the signal received from the network. 

Then, an operation of the reception frame disassem- 
bling section 1 will be explained. First, a scrambled state 
of data received from the network is released by the 
descrambler 1 -6, and then the data is output to the recep- 
tion cell processing section. The frame synchronization 
circuit 1 * 1 searches synchronization words A1 . A2 at the 
head of the reception frame, and recognizes that a syn- 
chronization state has been established rf it can detect 
the synchronization words N times (where N is an integer 
of about 7) continuously. 

Under control of the frame synchronization circuit 1 -1 . 
the frame counter 1 -2 executes a count operation in the 
horizontal direction and the vertical direction of the frame 
starting from A1 byte at the head of the frame in synchro- 
nization with the reception frame. According to the value 
of the frame counter, the memory access circuit 1-3 
determines that the overhead byte (e.g. B1 ) is now being 
received, and generates a write pulse and a write 
address so as to store the overhead byte into an appro- 
priate location of the reception overhead memory. 

The frame process request generating circuit 1-5 
outputs the overhead process request signal and the row 
number of the frame to the receiving processor at the 
timing that inputting of the overhead portion is finished 
within each row of the frame. The payload display circuit 
1-4 generates a high level signal to the reception cell 
processing section only during a payload receiving 
period. 



The SBIP-8 calculating circuit 1-7 calculates the 
section BIP-8 every frame. 

The SBIP-24 calculating circuit 1-8 calculates the 
section BIP-24 every frame. 
5 The PBIP-8 calculating circuit 1-9 calculates the 
path BIP-8 every virtual container. 

The pointer increment/decrement detecting circuit 
1-10 checks H1 byte and H2 byte in the frame overhead 
portion to determine whether or not a pointer incre- 
w ment/decrement instruction has been sent thereto. 

The LOS detecting circuit 1-11 detects that a state 
wherein no signal is received from the network continues 
for a certain period (which can be set within a range 
between 2.3 |i sec to 100 \i sec). 

15 

[Cell Processing Section] 

As shown in FIG. 12, the cell processing section 2 
comprises a cell synchronization circuit 2-1 , and a cell 

20 header error-correcting circuit 2-2. 

The cell synchronization circuit 2-1 calculates HEC 
(Header Error Correction) for continuous four bytes of 
input data, and then regards that the header has been 
detected if the resuh agrees with the fifth byte. K the cor- 

25 rect header pattern has been found N times (where N is 
an integer of about 7) continuously, 
it can be regarded that the cell synchronization is estab- 
lished. The cell header error-correcting circuit 2-2 per- 
forms error correction when one bit error is detected in 

30 an HEC calculation. 

[Reception Overhead Memory] 

The reception overhead memory 3 stores the over- 
35 head portion of the received data, and also serves as a 
working area when the receiving processor 4 executes 
process of the overhead portion. 

As shown in FIG.1 3, the overhead memory stores 
SOH, AU pointer (HI, H2, H3), and POH. 
40 In addition, areas of this memory to which no valid 
data is assigned can respond to supplements and/or 
modifications of the standard enforced after this time, 
and can also be used as working areas. 

In the communication LSI of the present embodi- 
es merit shown in F IG. 1 0, working areas are used as shown 
in the following. 

LOF-S/R: Used for detection/release of the LOF. 
LOP-S/R: Used for detection/release of the LOP. 
SAIS-S/R: Used fa detection/release of the see- 
so tion AIS. 

PAIS-S/R: Used for detection/release of the path 

AIS. 

SFERF-S/R: Used for detection/release of the 
section FERF. 

55 PFERF-SfR: Used for detection/release of the 

path FERF. 

P YEL-S/R: Used for detection/release of the path 

YEL 

B1-SBIP8: Used for counting the number of 
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inconsistent bits between received B1 and SPIP-8. 

B2-SBIP24: Used for counting the number of 
inconsistent bits between received B2 and SBIP-24. 

B3-SBIP8: Used for counting the number of 
inconsistent bits between received B3 and PBIP-8. 5 

RX-SFEBE: Used tor accumulating the value of 
the received section FEBE. 

RX-PFEBE: Used for accumulating the value of 
the received path FEBE. 

Now a memory such as Static RAM, for instance, 10 
which can be fabricated on a logic LSI and does not need 
a refresh operation is desirable as the reception over* 
head memory. 

[Receiving Processor] 15 

As shown by a broken line in FIG.14, the receiving 
processor 4 comprises a program counter 4-1 for holding 
an address in which an instruction to be executed sue- 
ceedingly to an instruction which is being executed pres- 
ently is stored, a program RAM 4-2 for outputting said 
instruction stored in said address which is held by said 
program counter 4-1, an instruction register 4-3 for hold- 
ing said instruction output from said program RAM 4-2. 
an instruction decoder 4-4 for decoding said instruction 
held by said instruction register 4-3. a selector 4-5 for 
selecting output from said reception overhead memory 
section 3, registers 4-6 and 4-7 for holding data selected 
by said selector 4-5, and an ALU 4-8 for executing vari- 
ous processes of data input according to a control signal 
from the instruction decoder 4-4 and stored in registers 
4-6 and 4-7, and then outputting the result thereof to the 
status register 5 and the like. 

Subsequently, an operation of the receiving proces- 
sor 4 will be explained. The program RAM 4-2 is read as 
the contents of the program counter 4-1 , and the instruc- 
tion code read out here is input into the instruction reg- 
ister 4-3, and then is decoded by the instruction decoder 
4-4. 

Data read out from the reception overhead memory 

3 or the status register 5 is input into the registers 4-6 
and 4-7 by selecting the selector 4-5. 

The ALU4-8 executes arithmetic operation of the 
data input into the registers 4-6 and 4-7. Actual operation 
is explained as foBows. 

The receiving processor 4 is usually in a standby 
state. The program counter 4-1 indicates a zero address. 
When the frame process request signal is input from the 
reception frame disassembling section 1 , the number N 
of rows in the frame received into the program counter 
4-1 is set as the jump address. In the N address of the 
program RAM 4-2, the jump instruction to leading 
address N of the program to be executed at the N-th row 
of the received frame is written The receiving processor 

4 goes to the N-th address by this twice jumps, and com- 
mences process in the N-th row. The results obtained by 
a series of the above processes are resulted in the status 
register 5. When finishing predetermined processes, the 
receiving processor 4 returns to its standby state 



With the above, since the programs are stored in the 
program RAM 4-2, the communication LSI can readily 
respond by changing the program in case the contents 
of the process are changed and the like. 

[Status Register] 

The status register 5 stores status information 
described hereinbelow. 



As shown by broken line in FIG. 1 5, the transmission 
processor 6 comprises a program counter 6-1 for holding 
an address in which an instruction to be executed sue- 
ceedingly to an instruction which is being executed pres- 
ently is stored, a program RAM 6-2 for outputting said 
instruction stored in said address which is held by said 
program counter, an instruction register 6-3 for holding 
said instruction output from said program RAM 6-2, an 
instruction decoder 6-4 for decoding said instruction held 
by said instruction register 6-3, a selector 6-5 for select- 
ing output from said transmission overhead memory 7 
and output from said status register 5, registers 6-6 and 
6-7 for holding data output from said selector 6-5. and 
an ALU 44-8 for executing various processes of data 
stored in the registers 6-6 and 6-7 based on a control 
signal from said instruction decoder 6*4 and outputting 
a result thereof to said transmission overhead memory 
7 etc.. 

Subsequently, an operation of the transmitting proc- 
essor 6 shown in FIG. 1 5 will be explained. 

The instruction code is read from the program RAM 
6-2 as the content of the program counter 6-1, then is 
input into the instruction register 6-3. and then is 
decoded by the instruction decoder 6-4. Data read out 
from the status register 5 is written into the registers 6- 
6 and 6-7. 
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LOS: Loss of Signal 


1 bit 


LOP: Loss of Frame 


1 bit 


LOP: Loss of Pointer 


1 bit 


LOG: Loss of Cell Delineation 


1 brt 


SAIS: Section Alarm Indication Signal 


1b'rt 


PAIS: Path Alarm Indication Signal 


1 bit 


SFERF: Section Far End Receive Failure 


1 bit 


PFERF: Path Far End Receive Failure 


1 bit 


PYEL: Path Yellow 


1 bit 


SFEBE: Section Far End Block Error 


7 bit 


PFEE: Path Far End Block Error 


4 bit 
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ALU 6-8 executes arithmetic operation of the data 
written into the registers 6-6 and 6-7. 

Actual operations are discussed as follows. The 
transmitting processor 6 is usually in a standby state, and 
the program counter 6-1 indicates zero address. When s 
the frame process request signal is input from the trans- 
mission frame assembling section 9. the number N of 
row of the transmission frame is set in the program coun- 
ter as the jump address. The jump instruction to the lead- 
ing address N of the program, which is to be executed at io 
the N-th row of the transmission frame, is written into the 
N address of the program RAM 6-2. The transmission 
processor 6 reaches the N-th address by these twice 
jumps, and starts process of the N-th row. The results 
derived by a series of processes are input into the trans- is 
mission overhead memory 7. When predetermined proc- 
esses are completed, the transmitting processor 6 
returns to the standby state. 

In the communication LSI of the present embodi- 
ment, two processors, i.e., the receiving processor 4 and so 
the transmitting processor 6 are employed. This is 
because such structure can achieve high speed trans- 
mission/reception processes. However, transmis- 
sion/reception processes can be executed only by one 
processor. 25 

[Transmission Overhead Memory] 

In the communication LSI shown in FIG.10, as 
shown in FIG. 1 6, the transmission overhead memory 7 30 
stores the overhead portion of received data and J 1 code 
of 64 byte (In FIG.16, they are stored in CO to FF 
addresses). Respective overhead byte in the memory 
may be arranged compactly to secure only an area for 
storing necessary overhead byte. But, in order to 35 
respond to future supplements and/or modifications etc. 
of the standard, the overhead bytes are arranged such 
that the overhead structures shown in FIGS.2A and 2B 
remain ( as they are. 

A1 , A2, C1 , H3 and C2 of the overhead portion are 40 
set at the time of starting the LSI, and they are not varied 
thereafter. B1, B2, B3, 22, J1 and G1 are updated every 
frame. HI, H2 and K2 are updated at the time of trans- 
mission of the alarm signal. All updating of the overhead 
are executed by the transmitting processor 6. The J1 45 
code arranged from COH to FFH is set externally at start- 
ing the LSI. 

[Transmission Frame Assembling Section] 

so 

As shown in FIG. 1 7, the transmission frame assem- 
bling section 9 comprises a frame counter 8- 1 . a memory 
access circuit 8-2 for fetching data from the transmission 
overhead memory based on an input of the frame coun- 
ter 8-1 , a frame process request circuit 8-3 for outputting 55 
an overhead process request signal etc. to the transmit- 
ting processor 6 based on the count output from the 
frame counter 8-1 , a payload request display circuit 8-4 
for outputting a cell data request signal to the transmis- 



sion cell processing section, a selector 8-5 for outputting 
the output of the memory access circuit and the output 
of the transmission cell processing section selectively 
based on the output from the frame counter 8-1 , a scram- 
bler 8-6 for scrambling the output of the selector 8-5 to 
then transmit it to the network, a SBIP-8 calculation cir- 
cuit 8-7 for calculating bit enors in the output of the 
scrambler 8-6. a SBIP-24 calculation circuit 8-8 and a 
PBIP-8 calculation circuit 8-9 for respectively calculating 
bit errors in the output of the selector 8-5. 

Next, an operation of the transmission frame assem- 
bling section 8 will be explained. 

The memory access circuit 8-2 reads the overhead 
byte from the transmission overhead memory in syn- 
chronization with the output of the frame counter 8-1 . The 
payload request display circuit 8-4 outputs a cell data 
request signal to the transmission cell processing sec- 
tion 9 during a period when the transmission frame is 
outputting the payload. Then the transmission cell 
processing section 9 inputs cell data into the frame 
assembling section 8. 

The selector 8-5 selects the overhead byte and cell 
data suitably in synchronization with the output of the 
frame counter 8-1 . The scrambler 8-6 scrambles the out- 
put of the selector 8-5 to then output the scrambled trans- 
mission data to the network. The SBIP-8 calculation 
circuit 8-7 calculates the section BIP-8 of each frame in 
the scrambled transmission data. The SBIP-24 calcula- 
tion circuit 8-8 calculates the section BIP-24 of each 
frame in the transmission data before scramble. The 
PBIP-8 calculation circuit 8-9 calculates the path BIP-8 
of each virtual container in the transmission data before 
scramble. 

[Transmission Cell Processing Section] 

The transmission cell processing section 8 calcu- 
lates HEC (Header Error Correction) code of tour byte 
cell header in cell data input from the ATM layer, and 
inserts the calculated result in the fifth byte to then trans- 
mit the transmission data to the transmission frame 
assembling section 9. 

Next, processes of the overhead portion in the 
embodiment of the present invention will be discussed. 

[Processes of Overhead Portion at Reception] 

All overhead bytes of the reception frame are 
fetched into the reception overhead memory 3. 

B1 : The SBIP-8 calculation circuit 1 -7 calculates the 
section BIP-8 of the preceding frame in advance. The 
receiving processor 4 reads the SBIP-8 value from the 
SBIP-8 calculation circuit 1-7, compares the SBIP-8 
value with the B 1 value stored in the reception overhead 
memory 3 bit by bit to count the number of different bits 
between them, and adds the number into the value of 
the variable B1-SBIP8 stored in the reception overhead 
memory 3. The host CPU reads the variable once a sec- 
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ond to check performance, and clears the variable simul- 
taneously at that time. 

H1/H2: The pointer increment/decrement detecting 
circuit detects the pointer increment/decrement designa- 
tion. The reception processor 4 executes validity check 5 
of the pointer value, and checks whether or not the same 
value continues three times sequentially. 

B2: The SBIP-24 calculation circuit 1-8 calculates 
the section BIP-24 of the preceding frame in advance. 
The receiving processor 4 reads the SBIP-24 value from 10 
the SBIP-24 calculation circuit 1-8, compares the SBIP- 
24 value with the B1 value stored in the reception over- 
head memory 3 bit by bit to count the number of different 
bits between them, writes the number into SFEBE of the 
status register 5. and adds the number into the value of is 
the variable B2-SBIP24 stored in the reception overhead 
memory 3. The host CPU reads the variable once a sec- 
ond to check performance, and clears the variable simul- 
taneously at that lime. 

K2 : The receiving processor 4 executes detection of 20 
SAIS (The number of cases wherein lower three bits 
become equal to 111 is counted) and detection of 
SFERF (The number of cases wherein lower three bits 
become equal to 110 is counted). When SAIS and 
SFERF are detected, corresponding bits of the status 25 
register 5 are set. 

72 . The section FEBE is stored in RX-FEBE of the 
reception overhead memory 3. 

B3: The PBIP-8 calculating circuit 1-9 calculates the 
path BIP-8 of the preceding virtual container in advance. 30 
The receiving processor 4 reads the PBIP-8 value from 
the PBIP-8 calculation circuit 1-9. compares the PBIP-8 
value with the B3 value stored in the reception overhead 
memory 3 bit by bit to count the number of different bits 
between them, writes the number into PFEBE of the sta- as 
tus register 5. and adds the number into the value of the 
variable B3-PBIP8 stored in the reception overhead 
memory 3. The host CPU reads the variable once a sec- 
ond to check performance, and clears the variable simul- 
taneously at that time. « 

G1 : The receiving processor 4 adds the path FEBE 
into the variable RX-PFEBE of the reception overhead 
memory 3. The receiving processor 4 counts the number 
of cases wherein upper four bits becomes equal to 1001 
to check an existence of PFERF, and also counts the 4t 
number of cases wherein the fifth upper bit becomes 
equal to 1 to check an existence of PYEL. 

[Processes of Overhead Portion at Transmission] 

51 

The overhead bytes are transmitted by being set in 
the transmission overhead memory 7. Location of the 
transmission overhead memory in which respective 
overhead bytes are set is determined as shown in 
FIG.16. « 

A1/A2: At the time of starting the LSI, A1=F6H and 
A2=28H are set in corresponding locations of the trans- 
mission overhead memory 7. 



C1: Either CU01H, 02H or 03H is set in a corre- 
sponding location of the transmission overhead memory 
7. It depends on external available environments that 
which value is to be selected. 
5 B1 : The SBIP-8 calculation circuit 8-7 calculates the 
section BIP-8 of the preceding frame in advance. The 
transmitting processor 6 reads the result thereof to set 
in a corresponding location of the transmission overhead 
memory 7. 

jo H1/H2: The pointer values are set at the time of start- 
ing the LSI. When the path AIS is transmitted, the trans- 
mitting processor 6 shunts the pointer value previously 
to a working area of the transmission overhead memory 
7, and then sets FFH in H1 and H2. 
is HZ: 00H is input at starting the LSI. 

B2(H)/B2(M)/B2(L): The SBIP-24 calculation circuit 
1 -8 calculates the section BIP-24 of the preceding frame 
in advance. The transmitting processor 6 sets the result 
thereof in a corresponding location of the transmission 
20 overhead memory 7. 

K2: The transmitting processor 6 checks the status 
register 5, and sets 1 11 into lower three bits of K2 byte 
when the section AIS is transmitted. 

Z2: The transmitting processor 6 reads the section 
25 FEBE from the status register 5. and sets it in a corre- 
sponding location of the transmission overhead memory 
7. 

J1 : As shown in FIG.7, J1 code of 64 byte is set in 
the transmission overhead memory 7 at starting the LSI. 
30 The transmitting processor 6 reads J 1 code sequentially 
and sets it in a corresponding location of the transmis- 
sion overhead memory 7. 

B3: The path BIP-8 of the preceding virtual container 
is calculated by the PBIP-8 calculating circuit 8-9 in 
35 advance. The transmitting processor 6 sets the result 
thereof in a corresponding location of the transmission 
overhead memory 7. 

C2: At the time of starting the LSI, 13H is set in a 
corresponding location of the transmission overhead 
40 memory 7. 

G1 : The transmitting processor 6 checks the status 
register 5, and sets 1001 into upper four bits of G1 byte 
of the transmission overhead memory 7 when the path 
FERF is to be transmitted, and sets 1 into the fifth upper 
45 bit of G1 byte when the path YEL is to be transmitted. 
The transmitting processor 6 reads the path FEBE from 
the status register 5 and sets it in a corresponding loca- 
tion of the transmission overhead memory 7 when either 
the path FERF or the path YEL are not to be transmitted. 
50 As explained above in detail, in the communication 
LSI of the present invention, since the transmitting proc- 
essor 5 and the receiving processor 4 built in the LSI exe- 
cute processes of the overhead portion of the frame, a 
scale of hardwares can be reduced in contrast to the 
55 case wherein the conventional communication LSI used 
for process of physical layer uses customized hardwares 
for each process, and the process contents are set arbi- 
trarily by the internal program RAM. Therefore, the com- 
munication LSI of the present invention can respond to 
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future supplements and/or modifications of the standard 
as to handling of the overhead bytes, and can process 
the overhead bytes which may be defined arbitrarily in 
the standard of respective countries. 

In addition, in the above embodiment, the RAM is 5 
used as the memory tor storing the process program in 
the transmitting processor 5 and the receiving processor 
4, the present invention is not limited to the RAM, and 
may use ROM, for example. If the ROM is used, the con- 
tents cannot be changed by the user after the LSI is 10 
shipped out from a factory. However, with respect to pro- 
duction, only the contents of this ROM may be changed 
if the standard is changed. Therefore, design process 
etc. can signif icantly shortened in contrast to the conven- 
tional case using customized hardwares. is 

It should be apparent to those skilled in the art that 
many changes can be made in the details and arrange- 
ments of the steps and parts without departing from the 
scope of the invention as defined in the appended claims. 

20 

Claims 

1. A communication LSI for executing protocol proc- 
esses of a physical layer in B-ISDN, comprising: 

a memory for storing overhead information; 25 

and 

a processor for executing a program tor said 
protocol processes. 

2. A communication LSI according to claim 1 , wherein 30 
said processor is changed from a standby state to 

an active state of predetermined operation in 
response to an input of a signal in synchronization 
with frames of said physical layer. 

35 

3. A communication LSI according to claim 1 , wherein 
said signal in synchronization with said frames of 
said physical layer is generated in correspondence 
to each row of said frames of said physical layer, and 
said program for said protocol processes is defined 40 
correspondingly to each row of said frames of said 
physical layer. 

4. A communication LSI according to claim 1 , wherein 
said processor comprises: 45 

a receiving processor for executing said pro- 
gram for said protocol processes when a receiving 
operation is executed; and 

a transmitting processor for executing said 
program for protocol processes when a transmitting so 
operation is executed. 

5. A communication LSI executing protocol processes 
of a physical layer in B-ISDN. comprising; 

a reception frame disassembling section for ss 
receiving data from a network; 

a reception cell processing section for 
processing a payload portion of said data disassem- 
bled in said reception frame disassembling section, 



and outputting a result thereof to an ATM layer; 

a reception overhead memory section for 
storing an overhead portion of said data disassem- 
bled in said reception frame disassembling section; 

a receiving processor section for executing 
processes in said overhead portion by inputting 
desired data stored in said receiving overhead mem- 
ory section when data is received; 

a status register section for storing a result 
processed in said receiving processor section; 

a transmitting processor section for executing 
processes in said overhead portion by inputting said 
result stored in said status register section when 
data is transmitted; 

a transmission overhead memory section for 
storing an output of said transmitting processor sec- 
tion; 

a transmission cell processing section for 
receiving data from an ATM layer; and 

a transmission frame assembling section for 
assembling an output of said transmission cell 
processing section and an output of said transmis- 
sion overhead memory section in a frame, and trans- 
mitting said frame to said network. 

6. A communication LSI according to claim 5, wherein 
said receiving processor section comprises: 

a program counter for holding an address in 
which an instruction to be executed succeedingly to 
an instruction which is being executed presently is 
stored; 

a memory for outputting said instruction 
stored in said address which is held by said program 
counter; 

an instruction register for holding said instruc- 
tion output from said memory; 

an instruction decoder for decoding said 
instruction held by said instruction register; 

a selector for selecting data from said recep- 
tion frame disassembling section and said reception 
overhead memory section; 

a register for holding data selected by said 
selector; and 

an arithmetic section for irputting said data 
held by said register and processing said data. 

7. A communication LSI according to claim 5, wherein 
said reception overhead memory section stores 
SOH, AU pointer, and POH in said overhead portion 
as their structures remain. 

8. A communication LSI according to claim 6, wherein 
said memory comprises a RAM capable of storing 
said program for said protocol processes and mod- 
ifying them. 

9. A communication LSI according to claim 6, wherein 
said memory comprises a ROM. 
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10. A communication LSI according to claim 5, wherein 
said transmitting processor section comprises: 

a program counter for holding an address in 
which an instruction to be executed succeedingly to 
an instruction which is being executed presently is 5 
stored; 

a memory tor outputting said instruction 
stored in said address which is held by said program 
counter; 

an instruction register lor holding said instruc- 70 
tion output from said memory; 

an instruction decoder for decoding said 
instruction held by said instruction register; 

a selector for selecting data from said recep- 
tion frame disassembling section and said reception 15 
overhead memory section; 

a register for holding data selected by said 
selector; and 

an arithmetic section for inputting said data 
held by said register and processing said data. 20 



1 1 . A communication LSI according to claim 10, wherein 
said memory comprises a RAM capable of storing 
said program for said protocol processes and mod- 
ifying them. 25 

12. A communication LSI according to claim 10. wherein 
said memory comprises a ROM. 
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